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Faintest cirrus.. ........................ 
Very thln cirrus.. ....................... 
Ci or ci-stratus. ......................... 
Ci-stratils, thin .......................... Very thin ci-stratus.. 

Ci-strntus (typical?). .................... 
Ci-cumulus.. ........................... 
Ci-ulus+cistratus.. ................ 
Altocumulus ........................... 
Stratus, sun much dimmed, but still 

................... 

Diflraction, which forms the well-known coronas about 
the sun and moon, will for droplets of a certain size pro- 
duce alternating red and blue rings to considerable an - 
corona with a set of four bri&ant red rin at rou hly 

larger the droplets, the smaller is the angular interval 
between successive rin of the same color and the smaller 
is the first ring aroun 8 the sun or moon. Also, for any 
size of droplet, the ang$ar interval between successive 
red rings decreases mth increasing distance from the sun 
or moon. When the dro lek are very small, as they must 

ring is several d em because the successive interfer- 

cloud may lie wholly within a red or blue band for very 
small drops. On the thin, sharp ed e of the cloud where 
condensation has just taken place, %e drops must be ex- 
ceedingly small, and probably much the same size all 
along the edge around the cloud. For dro s of this size 

band, say, is the. third red one. Just inside of this cloud 
ed e the particles have been formed for lon er and have 
ha % a chance to grow to a larger size. For t % eir size and 
this distance from the sun, the diffraction band, the 
fourth one (just beyond the third red), is blue. A little 
farther into the cloud the drops are still larger and are in 
the fourth red band for that size of drop. The central 
art of the cloud has still larger drops that fall in the 

%th blue band. Therefore, the outer edge of the cloud 
has a rim of red, next comes a strip of blue and then an- 
other strip of red, while the central portion of,the cloud 
is bluish and eenish. 
’ The irregd% intermixture of colors on the brilliant 
margin of a formin cumulus cloud may be explained on 
the same basis. &e dro lete ust fop ing  are not so 
la e as those that have P A  orme a few minutes before, 
m?, therefore, while the angular distance from the sun 
may be such as to put this ortion of the cloud in a red 

even though they ma be at the same angular distance 
from the sun are in de next blue or green band. 

lar distances from the luminar a Recently I saw a so E r 

equal intervals and interspersed with bluis r rings. %he 

be in the lenticular clou ! s, the width of each red or blue 

ence bands are so T ar apart. Thus an ordinary lenticular 

at the distance of this cloud from the sun t 5l e diffraction 

band for the droplets just P ormed, those a little larger 

:&e W. J. Humphreys, Optics of the Air, Jour. Franklln Inst., Nnv., 1919, pp. 651-655. 

MEASUREMENT OF WATER IN CLOUDS. 
B y L .  F. RICHARDSON. 

[Abstract from Proceeding of the Royal Society, Aug. 1,1919, Series A ,  vol. 96, No. -4674. 
PP. 19-31.] , 

, Three ty es of clouds can be measured: I. Clouds into 
which an o L erver can enter. Several observers, notably 

0.07. 
0.3,0.3. 
0.04. 

.06, 0.2, 0.8,0.3, 0.5, 0.3, 0.8, 0.6,0.4,0.4,0.8. 
I O  
0.6. 
0 8 0.9,2.1. 
015: 
2.5. 

Conrad and Wagner, have measured the water in clouds 
on mountains by drawin a measured volume of atmos- 
phere over absorbing su B stances.’ 11. Clouds through 
which the sun’s outlme can be seen and which also ex- 
hibit coronae, as they often do. ,111. Uniform stratus, 
provided that some way can be found for measuring the 
size of the particles. 

The second type of clouds has been investigated by 
means of a hotometer which measures the variations of 

layers of difFerent intensity. It has been.sng ested that 
the distance of visibility of an ob’ect throug a a mist is 

roportional to the diameter o i  the water particle. 
8onrad estimated that a terrestrial object was just visible 
when its intensity was about 1/77 that hi clear air. This 
ratio of bri htness of the object to its surroundings is 

in various intensities of clouds through which the sun’s 
disk could be seen, the volume of particles per horizontal 
area, the diameter of the particle, or - 2/3 cos 5 loge (I/Io), 
is as follows; where 5 is the sun’s zenith distance: 

intensity o P the sun’s light in passing through cloud 

represented B y I/Io. The observational results show that 

Volume of particles horizontal area 
Description of cloud. (diameter oY&ticle). 

It is ointed out that diffraction should be considered 
before t R is result can be relied upon. 

In  the case of heavier clouds, it is necessary to make 
use of the amount of transmitted light and the reflectivit 
of the. earth’s surface. In the case of certain rain clou’ d s 
on the afternoon of May 24, 1918, it was found that the 
volume of liquid per horizontal ~ m . ~  of cloud amoudted 
to 31 diameters of the cloud droplets. This, it will be 
noted, is in accord with the observations of thinner clouds 
in the table above.--C, L. 111. 

1 The first type e discussed by Hann’s Meteorology. third edition (1915), p. 306. The 
moi%ture was obtaiued by drawing known volumes of air over absorbin substances 
such as calcium chloride or pumice stone saturated wlth sulphuric add. ft WBS found 
in this way that in various types of clouds on mountains the moisture content varied 
from 1.6 gr im  per cubic meter where it was possible to see 50 meters through the cloud 
to 1.5 gram er cubic meter &here the radius of vision was limlted’to 20 or 25 meters: 
It was founc! that when the water particles are about 0.01 mm. in diameter. and the 
watereontent of the cloud IS from 1 to 2 grams per cubic meter, the number of drops Is  
betweema00 and 500 per cubic reutimeter.4. I.. Y. 

SOME OBSERVATIONS ON A FREE-BALLOON FLIGHT MADE FROM ABERDEEN PROVINQ GROUND, MD., 

B y  DON MCNEAL, 9d Lieut. M&eorological Section, Signal Corps. 

JUNE 3, 1920. 

As a part of the come in pilots’ training,, a free balloon 
flight w a ~  made from Aberdeen Proving Ground, Md., 
June 3, 1920. Existing and indicated meteorological 
conditions on this day gave romise of anything but 
ideal weather for a flight of t%s kind. For three da 
preceding, this section of the country had watched tg 
slov eastward drift of a trough of low pressure from the 
west and northwest, which had been attinded by general 
rains and thunderstorms. On the morning of the 3d, the 
center of the trough extended from the St. Lawrence 

-Valley southwestward over New York, Pennsylvania, 
West Virginia, Tennessee, and on to the Gulf. 

The day opened fair, with only a few CiSt. and A.Cu. 
clouds visible. These forms were moving from the west 
and southwest respectively. The pilot balloon observa- 
tion,. taken a t  7:29 a. m., showed a west surface wind, 
veering quickly into WNW. and NW. winds, and above 
8,500 feet, backing again into the west. The velocities 
were moderate at  all levels, increasing only slightly with 
altitude. 



The temperature m'ounted ra idly throughout the 

the season would be recorded. 
At 9:45 a. m. cumulus clouds were 5rst observed in the 

northwest, drifting slow1 from the WNW. At tkis time, 

moderate velocities. 
A second pilot balloon observation was made at  1:09 

p. m., which indicated a backin of the wind from NE. 
at the surface,, through N., NN#., NW., WNW., becom- 
ing W. at 6,000 feet. The velocities were low and in- 
creased only slightly with altitude, bein but 17 miles 

thunderheads could be seen movin u on the station 
from the NW., while othev appearefto \e passing some 
distance to the north. 

The seeming .assurance, which a digest of the above 
observations gave, of encountering all the adverse con- 
ditions incident to piloting a balloon through thunder- 
storms, was weighed. Also the ossibility of danger 
from li htnin was considered. Eowever, the enthu- 
siasm o d 9  the pi ot and observers would not be denied and 
the balloon left the ground at 1 :59 p. m. 

True to the results obtained from the pilot balloon 
observation, we drifted off to the southward, and, with 
rapidly gaining altitude, moved slowly into the SSE. 
At the end of the h t  five minutes, an altitude of 2,000 
feet had been reached. The temperature here had 
fallen from 31.3OC. at t.he surface, to 2 8 . 3 O  C. The 
atmosphere was very hazy to the south and southwest, 
whlle showers were observed a short distance to the 
north-northwest. At 2:09 p. m. an altitude of 2,340 
feet had been reached and we were nearing the! edge of 
the Chesapeake Bay. The sun was obscured and the 
balloon was under a heavy cumulus .cloud. Difficulby 
was being experienced in gaining alt,itude, due to con- 
traction, Thunder was first heard in the north at 3:12 
p. m. At this time, it was thought best to o above the 
clouds to lessen the danger from lightning ani ,  also, to en- 
deavor to strike the westerly wind with greater velocity. 
The absence of sunshine, however, made this operatmion 
difficult, and required the expenditure of much ballast. 
At 2:14 p. m., an altitude of 2,900 feet had been reached, 
and we were going more nearly southeastward and ap- 
proaching close to the edge of the bay. The thunder 
WBS sounding nepre.r and the rain appeared cllmost upon 
us. Durin tho next several minut.es, while over the bay, 

met in maintaining altitude. At 2:44 p. m., we had 
fallen to 2,000 fqet, and were over the bay and opposite 
the mouth of the Sassafras River. At this point, rain 
was heard striking the balloon. At 3:49 p. m. we were 
down to 1,100 feet and had moved inland south of the 
river. Ballast was used freely here and we began rising 
rapidly. The rain had stopped for a short time, but at  
the next observation we were in the midst of a large 
Cu.Nb. cloud and the rain was beating down hard. 
Thunder was plainly heard, although no lightnin was 

atill rising rapidly. It appeared as though our position 
within the cloud was operating to accelerate the already 
rapid ascent. The vertical movement,s of cloud sections 
were readily discernible. -4t 3:04 . m. we had reached 
5,220feet and appeared now to !e at the edge of the 
cloud. Towering above us man hundred feet, we could 

Some openings a peared above us revealing the pres- 

forenoon, and it appeared that t E e highest. readings of 

the surfaee wind was shi 9 ting between W. and NW., with 

per hour at 7,000 feet. At this time, K arge towering 

and with t a e sun hidden, constant difficulty wns being 

observed. We had lost sight of the ground an I f  were 

see the great thunderheads stil P piling upward. 

ence of a'layer o P thunderstorm cirrus. The sun was 
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now shining on the balloon, sending us still h' her. 

to 19.4' C. This now rose rapid1 to 28.0° C., due both 
to direct sunlight and to that reiected from the clouds 
beside us. At this point our attention was attracted by 
moderate sized hailstones passing down past the balloon. 
The observation of this ' phenomenon would seem to 
agree with the theory of the formation of hailstones, 
which rovidea for their formation in the upper portions 
of the8u.Nb. in reference to the theory for their forma- 

made a t  a considerable distance above thejevel of the 
squall cloud; also,, the tern erature observations would 

reclude the possibility of R ailstones forming a t  this or 
rower altitudes. Undoubtedly, the hail whlch . we ob- 
served was issuing from tbe cloud a considerable distance 
above the balloon. 

We were still gaining altitude a t  3:09 p. m. and had 
encountered. a moderate northwest wind which was car- 

The temperature while within the cloud had been f own 

tion in the squal P cloud. Certainly this observation was 

ryin the balloon inland. About 3:22 

Shortly after this we were again 
reac E ed the maximum altitude 

thunder was heard and i t  was raining hard. We now 
began to descend rapidly. At 3 3 4  p. m. we were down 
to 4,850 feet and still falling. Much ballast was ex- 
pended in an effort to check the descent, but due to the 
rain and gas contraction we were unable to establish an 
equilibrium. We were now drifting toward a wobded 
ravine and a good landin did. not appear ossible. Our 
ballast was bemg rapidly 5 epleted, but wit % only momen- 
tary relief from the unwelcome proximity to tree tops. 
By this time the drag rope was catching in the branches, 
sometimes sto p the balloon for a minute or two. 
From the b a s g e i x e  balloon now ave somewhat the 
ap earance of a arachute. This, a 5 ded to our lack of 
ba E ast, prevente! our escape from this position. Mter 
each freeing of the drag rope the balloon only drifted 
farther down the ravine, until finally the ro e became 
securely entangled in the top branches and he 3 d us fast. 
There was very little wind movement a t  this time and 
we were revented from settling in the trees only by 
rasping t F le top branches in our hands and holding our 

galloon up. 
We were soon rescued, howeier, by several farm hands, 

summoned from a nearb road, who cut the drag rope 
from the tree. We than B rifted to the edge of the wooded 
area and valved down in the corner of a grass field, about 
3 miles west-northwest of Kennedyville, Md., being an 
air-line distance of about 30 miles from the starting..oint. 

Thus ended what was a reed upon by all articipants 
as a balloon flight crowde f with interesting o % servations 
and ex eriences. 

The galloon was iloted by First Lieut. H. H. Holland, 
while Ma'. J. C. &Donald and Second Lieuts. E. C. 
Cooke an d Don McNeal were the observers. 

EFFECT OF WEATHER ON THE AERIAL MAIL SERVICE. 

notes regarding the reliability of the aerial 
m:;?:$ixave appeared in the Aerial Age Wee&@ and 
the I?. S. Air Semwe. In  its issue of April 5 ,  1920, the 
former presents a report for the eight months preceding 
April. Among other points mentioned in the report is 
the number of forced landings on account of weather 
conditions. During this period there were 1,111 trips 
with a total of 203 forced landin , of which 47 were 

weather. The latter magazine (July, 1920) repor@ for 
attributable to mechanical troub 7 e and 154 to the 


